Breast cancer · Ductal carcinoma in situ · Surgery · Radiotherapy · Tamoxifen Summary Ductal carcinoma is situ (DCIS) is the fastest growing subtype of breast cancer, mainly because of improved screening activities. In contrast to invasive disease, DCIS is a local process with excellent survival rates. Current treatment strategies include surgery, radiotherapy (RT) and antihormonal treatment. The selection of an indi vidual riskadapted therapeutic approach remains con troversial. This relates especially to the extent of surgery and the therapeutic index of adjuvant RT and tamoxifen. Several new trials have been published or updated re cently that address important clinical issues. There is an urgent need to get more insight into the biological be haviour of different subtypes of DCIS, and develop more targeted and individualized treatment strategies. So far, surgery appears to be the most effective treatment mo dality. A morphologybased treatment model that allows complete resection of certain DCIS lesions without fur ther adjuvant measures has not been evaluated prospec tively and deserves further evaluation.
Introduction
Ductal carcinoma in situ (DCIS) is a heterogenous group of non-invasive breast lesions with different genetic, clinical, morphological and biological features. The tumour cells are restricted to the ductal-lobular units and have not invaded beyond the basement membrane. DCIS is a non-obligate precursor of invasive disease. A rate of 14-53% for progression to invasive cancer has been reported with a strong association with the biological characteristics of the lesion (e.g. high grade vs. non-high grade) [1] [2] [3] . Reliable predictors to determine the individual risk of progression are not available. Risk factors for developing DCIS are similar to invasive cancer, including a family history of breast cancer, prior breast biopsies, nulliparity and late age of first pregnancy [4] . DCIS is (in general) a clinically occult lesion. Its detection depends on 228 Breast Care 2010;5:227- 232 Kühn stricted. Some clinical and histopathologic factors correlate with preinvasive or invasive recurrence for patients who underwent breast conserving therapy (BCT) [12] [13] [14] [15] : i) involved resection margins; ii) residual microcalcifications; iii) extent of the lesion; iv) young age (< 40 years); v) presence of comedonecrosis; vi) high grade lesions; and vii) solid growth pattern. The individual benefit from specific adjuvant treatment measures (radiotherapy (RT), tamoxifen) cannot be defined. The presence of high risk factors does not necessarily correlate with the effect of a specific adjuvant treatment [16] . Oestrogen receptor (ER) status has been identified as the only predictive factor in DCIS (for the effect of tamoxifen) [17] . Determination of the ER status is therefore mandatory before starting antihormonal treatment.
Local Treatment
In contrast to invasive breast cancer, DCIS is not regarded as a systemic disease but as a local process. The primary goal in the treatment of DCIS is the prevention of local recurrences. The intention of surgery is a complete resection of the lesion. Adjuvant local (RT) or systemic (tamoxifen) treatment can be helpful to reduce local recurrences and contralateral events. The individual benefit from adjuvant treatment is intensively debated. A close interdisciplinary cooperation between radiologist, breast surgeon, pathologist, radiooncologist and medical oncologist is mandatory for the effective treatment of DCIS. The challenge is to balance effective treatment (avoidance of recurrence, especially invasive disease) with unnecessary overtreatment (morbidity and costs).
Mastectomy has been regarded as the surgical treatment of choice for a long time. BCT has become the preferred treatment today with local recurrence rates of 9-25% and an identical survival rate as mastectomy [18, 19] . Only patients with an unfavourable lesion/breast size ratio are candidates for mastectomy. Adequate resection volume and required width of tumour-free margins have been debated for a long time. Some surgeons define tumour-free margins as a 'complete excision'. Others aim at an excision of the entire lesion including potential occult tumour cell deposits. This philosophy includes the option of a surgical cure of DCIS without any further adjuvant treatment, and requires a strict orientation of all diagnostic and therapeutic procedures on the histopathologic growth pattern of DCIS.
Faverly et al. [20] have shown in a series of 60 whole breast examinations that DCIS was a unicentric, multifocal lesion. Tumour cells grow within the ductulolubular system thus showing a segmental expansion. Gaps between different foci of DCIS were < 5 mm in 63% of the cases. In 8% of the examined breasts the gaps were > 10 mm. According to these data, a margin width of 10 mm would allow a complete resection of DCIS in 92% of the patients. The rate of potential relapses appears acceptable if recurrences derive from residual tumour screening activities and the ability of imaging procedures (mainly mammography) to identify the disease. The identification and treatment of DCIS can prevent the development of invasive cancer and thus reduce breast cancer mortality. The detection of DCIS has increased considerably from 1 to >20% since the introduction of mammography screening programmes [5, 6] . The long-term prognosis of the disease is excellent with survival rates exceeding 95% at 10 years [7, 8] . However, 50% of recurrences are invasive, thus underlining the importance of an effective treatment and careful monitoring.
Detection and Localisation
DCIS is usually detected by mammography screening, particularly in the form of microcalcifications. To date, mammography is the only imaging modality that is routinely used to screen patients for DCIS. Histology is obtained by imageguided breast biopsy. Stereotactic vacuum-assisted core biopsy has evolved as the standard procedure. Specimen radiography is essential to prove correct tissue sampling (proof of microcalcifications).
A preoperative conference between radiologist, pathologist and breast surgeon can ensure radiographic/ histopathologic correlation. Wire localisation of the lesion is required since DCIS is (in general) not palpable. Volume planning is essential for the surgeon to avoid over-and undertreatment (unfavourable cosmetic outcome, re-excisions) and to plan an adequate reconstruction of the breast defect. Several wires may be helpful to locate the target volume in lesions exceeding 3 cm. Intraoperative specimen radiography (in two planes) is mandatory to ensure complete resection of the target lesion and to avoid secondary interventions.
The role of magnetic resonance imaging (MRI) for the diagnosis und treatment of DCIS has been discussed most recently [9] [10] [11] . Some data suggest a higher sensitivity for MRI compared to mammography. The positive predictive value for both techniques, however, appears similar due to an unfavourable false-positive rate of MRI. Furthermore, MRI does not allow targeted tissue sampling with specimen imaging. This relates to breast biopsies for diagnostic purposes as well as to the intraoperative assessment of resection margins. A multi-wire localisation to define the resection volume appears critical with MRI. Further studies are needed to define the role of MRI in the diagnosis and treatment of DCIS.
Prognostic and Predictive Factors
The prognosis of adequately treated DCIS is excellent with survival rates of almost 100% [7, 8] . The knowledge on the biological behaviour of DCIS and its potential to progress, recur or respond to specific therapeutic options is still reBreast Care 2010;5:227-232
Ductal Carcinoma in Situ 229 dian age at diagnosis of DCIS (median 60 years), and the lesions were small (median 6 mm). The margin width exceeded 5 mm in 71.5% of the patients. The increase in ipsilateral breast events beyond 5 years warrants caution regarding the clinical implications of the results.
Surgery with or without Radiotherapy?
RT reduces the rate of ipsilateral breast recurrences in unselected patients with DCIS, who are treated with BCT and undergo standard surgical procedures and routine tissue processing (LOE 1a). Retrospective analysis revealed a benefit for all examined subgroups of patients. RT is therefore a standard treatment for women with DCIS, who undergo BCT, and should be offered to most patients. There is some evidence from retrospective and prospective trials that supports the hypothesis that DCIS could be cured by complete surgical resection without any further adjuvant treatment. Standard surgical treatment and routine tissue processing, however, cannot ensure the complete removal of DCIS. This might explain the effect of adjuvant local and systemic treatment. DCIS is a local disease, and it seems apparent that recurrences depend on residual tumour foci in the breast (effect of margins). The probability of relapse and the time span to recurrence is probably associated with biologic behaviour. Since DCIS is not a life-threatening disease, and RT has (in contrast to invasive cancer) no impact on overall survival, it seems justifiable to omit RT in selected patients in whom residual occult tumour burden appears unlikely and the biological potential of the lesion to progress is estimated to be low. Patients should be informed about the specific benefit of RT and the need for mastectomy in the case of recurrence after irradiation.
Extent of Surgery in Patients who Undergo BCT and Radiotherapy
BCT and adjuvant RT is the standard of care for most patients with DCIS. The adequate surgical extent in these patients has not been defined in the past. In a meta-analysis including 4,660 patients from 22 trials, Dunne et al. [25] examined the effect of margin status on local recurrences for patients who underwent BCT and RT. The authors concluded that margin status (negative vs. positive, negative vs. close, negative vs. unknown) was an important predictor for recurrence even in patients who received RT after BCT. A margin width of 2 mm was as good as larger margins in this study. Although the analysis was retrospective in design and the number of patients with wide margins was very low (≥ 5 mm: 154 patients, 2 mm: 207 patients, 1 mm: 1,239 patients, no cells on ink: 914 patients), the study provides the best available evidence for the required margins in patients who undergo surgical excision and RT for DCIS. A re-excision is therefore no longer recomfoci. Silverstein et al. [12] examined retrospectively a series of 212 patients with DCIS treated with excision alone. Local control was excellent if margin width was 10 mm or more, regardless of other prognostic factors. The local recurrence risk at 8 years was 3% and did not differ from patients who had received additional RT. The authors concluded that margin width was the single most important factor in predicting local recurrence after excision alone for DCIS. Silverstein's morphology-based treatment model included an accurate measurement of tumour size and margins by complete examination of the entire specimen, serial sections and a threedimensional reconstruction of the lesion with a sequential series of slides [12] . The results from Silverstein et al. [12] are in contrast to the data from 4 randomized trials which showed a risk reduction of approximately 50% for local recurrences if BCT was combined with RT [13, 14, 21 ,22] . RT reduced the local recurrences from 15-20% at 5 years and 25-30% at 10 years to 5-9% and 15%, respectively, in relatively unselected patients. The benefit was observed in all examined subgroups (clear margins vs. not, age > 50 years vs. < 50 years, comedonecrosis present vs. absent) [15] . None of the randomized trials, however, required a surgical excision and a histopathologic work-up that would expect complete excision of the lesion according to its growth pattern. Two trials are available that address the issue of margin width prospectively. Wong et al. [23] examined 158 patients with predominantly G1 or G2 lesions and a mammographic extent ≤ 2.5 cm in a single-institutional trial. All patients underwent wide excision alone. A margin width of 1 cm was required. The ipsilateral failure rate was 2.4% per patient year with a median follow-up time of 40 months. The calculated 5-year recurrence rate of 12% was considered too high so that the trial was stopped. The study is hampered by several methodological problems: The extent of the lesion was determined by mammography rather than histological assessment. A standardized protocol for the histopathologic examination including a complete work-up of the entire lesion is not available. Furthermore, a high rate of re-excisions (84%!) was described, impeding precise margin assessment. In a prospective, single arm, multi-institutional trial, Hughes et al. [24] examined 565 patients with low or intermediate grade DCIS measuring ≤ 2.5 cm (histological extent), and patients with high grade lesions measuring 1 cm or smaller. In this study, a more detailed pathological assessment including sequential sectioning of the completely embedded specimen was performed. Margins of ≥ 3 mm were required. At a median follow-up of 6.2 years, the ipsilateral breast event rate was 6.1% for G1 and G2 lesions. The recurrence rate for G3 lesions was 15.3% at a median follow-up of 6.7 years. The authors conclude that rigorously evaluated and selected patients with low to intermediate grade DCIS and margins 3 mm or wider had an acceptably low rate of ipsilateral breast events at 5 years after excision alone without irradiation. The patients in this trial were, however, older than the usual me- 
Discussion
Although DCIS represents a heterogenous group of lesions, it is a localized process with excellent survival rates. Local control is the primary therapeutic objective. Invasive breast cancer, in contrast, is a systemic, life-threatening disease. Survival is the primary treatment goal in these patients. While surgery (mastectomy) alone can provide an almost 100% cure rate in patients with DCIS, the same procedure is associated with local recurrences exceeding 20% in high-risk patients. This observation underlines the need for further systemic and local treatment in these patients [32] .
The therapeutic index of adjuvant treatment is less favourable in DCIS than it is in invasive disease. While RT has a significant impact on overall survival in most subgroups of patients with invasive breast cancer, there is no survival benefit from RT in DCIS. Local recurrences from invasive breast cancer are reduced by 19.2% in node-negative and 33.4% in node-positive patients with BCT [32] . For DCIS, the absolute reduction of ipsilateral recurrences after 10 years varies from 11 to 16% [14, 22] . Since RT is not associated with a survival benefit and its effect on local control is less than for invasive disease, the therapeutic index for RT is far less favourable in DCIS than it is for invasive breast cancer. Although the measurable long-term toxicity of RT appears low [15] , experience tells that reoperations in an irradiated breast are associated with a high rate of complications. Furthermore, patients with local recurrence after surgical excision and RT will require mastectomy. About 10-15% of all DCIS patients relapse even after BCT and RT. These patients could have been candidates for a second BCT but will undergo mastectomy due to the preceding RT. The benefit of RT in DCIS patients should therefore be weighed against possible disadvantages.
Five years of tamoxifen is associated with a 9.2 and 11.8% gain in overall survival and disease-free survival, respectively, in patients with invasive disease [33] . Patients with DCIS have no survival benefit from tamoxifen and no reduction in ipsilateral invasive recurrence after 10 years [16] . The absolute reduction of ipsilateral DCIS recurrences is 3.6%. Contralateral events are reduced by 2.8% from 4.9 to 2.1%. The therapeutic index of tamoxifen is certainly much less favourable for DCIS than it is for invasive cancer, taking into account its side effects of endometrial cancer, thromboembolic events, cataract, vaginal discharge, uterine bleeding and polyps. Although a statistically significant effect has been observed for tamoxifen in two randomised trials, it appears questionable if this effect is clinically beneficial. An adequate follow-up appears more appropriate in most patients, especially as treatment with tamoxifen is not associated with any survival benefit.
RT and tamoxifen can improve event-free survival in patients with DCIS. Both treatment modalities are, however, associated with an unfavourable therapeutic index compared to invasive disease. There is an urgent need for further studies to mended for patients with margins ≥ 2 mm, since the rate of re-excisions is an important quality indicator.
Management of the Axilla in DCIS
DCIS is a preinvasive lesion, and axillary staging is therefore not required as a standard procedure. Axillary metastasis due to the presence of unrecognized invasive disease is found in less than 5% of patients [26, 27] . Locoregional recurrences in patients who do not undergo axillary surgery are very low [28] . Most guidelines recommend sentinel lymph node biopsy (SLNB) in lesions ≥ 5 cm or in patients who undergo mastectomy. In these patients, a secondary SLNB (in the case of an unexpected invasive component) is technically not feasible because the integrity of the lymphatic drainage has been destroyed by the primary intervention [29] . Axillary dissection is restricted to patients with positive lymph nodes and is not indicated in pure DCIS.
Systemic Treatment
Tamoxifen is the only established systemic treatment for DCIS. Two prospective, controlled, randomised trials address the effect of adjuvant tamoxifen in patients who underwent BCT. NSABP B-24 [30] randomized 1,804 patients with lumpectomy and RT (50 Gy) to receive either placebo or tamoxifen (20 mg for 5 years). Patients with involved resection margins were included in the study. The rate of breast cancer events at 5 years was 8.2% in the tamoxifen group compared to 13.4% for patients who had received placebo. No difference in overall survival was observed. Significantly higher rates of side effects were registered for patients in the tamoxifen arm with regard to thromboembolic events, menstrual disorders, hot flashes, fluid retention and vaginal discharge. The UK, Australia and New Zealand trial [31] is a prospective, controlled, randomised trial with a 2 × 2 factorial design. Patients who had undergone complete surgical excision (defined as free margins on histological examination) received no adjuvant treatment, a combination of RT and tamoxifen, or RT or tamoxifen alone. At the San Antonio Meeting 2009, the updated data from this trial were presented [16] . Tamoxifen reduced the rate of all breast events after 10 years from 26.1 to 19.0% with a hazard ratio (HR) of 0.71 (0.58-0.88). There was no effect on ipsilateral invasive recurrences, and a small effect on DCIS recurrence (8. work-up of the entire specimen in serial sections. None of the available prospective studies provided a design that would expect a complete resection of the entire lesion. Theoretical considerations suggest that a segmental resection and a histopathologic work-up in the mamilloperipheral axis could even improve the determination of the extent of a lesion and the assessment of margin width. This segmental concept has so far not been evaluated in prospective trials. Given the unfavourable therapeutic index for adjuvant treatment of DCIS today, the evaluation of an improved surgical approach deserves further evaluation and should be one strategy among others to search for a more targeted treatment of this complex lesion.
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improve the treatment of DCIS and develop individual and targeted treatment strategies. It is certainly essential to gain further insights into the biological behaviour of different subtypes of DCIS, and define patients who can be spared from adjuvant treatment because their risk for relapse is low or absent. New biological agents may provide new treatment options, although the systemic approach has so far not yielded convincing results. Accelerated partial breast radiation is currently evaluated as a less burdensome alternative to whole breast irradiation [34] . Surgery has shown to be the most effective therapeutic option for DCIS. There are convincing data from retrospective trials that a complete surgical excision of DCIS is feasible with low recurrence rates, provided that a well defined diagnostic-therapeutic algorithm was respected. This concept takes into account the segmental and discontinuous growth pattern of DCIS. It requires wide margins of at least 10 mm and a histopathologic assessment that includes a complete
